Effect of molecular crowding on DNA polymerase activity.
Live cells contain high concentrations of macromolecules, but almost all experimental biochemical data have been generated from dilute solutions that do not reflect conditions in vivo. To understand biomolecular behavior in vivo, properties studied in vitro are extrapolated to conditions in vivo; however, the molecular conditions within live cells are inherently crowded. The present study investigates the effect of molecular crowding on DNA polymerase activity using polyethylene glycol PEG of various molecular weights as a crowding agent. Polymerase activity assays under various conditions demonstrated that the activities of T7 and Taq DNA polymerases depend on the molecular weight and concentration of the crowding agent. Furthermore, equilibrium and kinetic analyses demonstrated that the binding affinity and catalytic activity of the polymerase increase and decrease, respectively, with increasing PEG concentrations. Based on quantitative parameters of the polymerase reactions, we improved the efficiency of PCR amplification under conditions of molecular crowding. These results suggest that quantitative measurements of biomolecular structure and function are useful for understanding the behavior of biomolecules in vivo and for biotechnology applications in vitro.